Background: Hypertension has been recognized as a health concern for developing countries. However, there are no current nationwide surveys on the prevalence of hypertension in China (the latest nationwide survey was ten years ago). The goal of this study was to estimate the pooled prevalence of hypertension in Chinese cities.
Introduction
Hypertension is the most common risk factor for cardiovascular diseases (CVD) [1] . Hypertension has been recognized as a global, chronic, non-communicable disease and as a ''silent killer'' due to its high mortality rates and lack of early symptoms. One-quarter of the world's adult population is hypertensive and this figure is likely to increase to 29% by 2025 [2] . The absolute prevalence of hypertension in developing countries is 22.9% compared with 37.3% in developed countries [2] . Unfortunately, the prevalence of hypertension is growing rapidly in developing countries which are undergoing epidemiological transitions, economic improvement, urbanization and longer life expectancy [3] . Kearney et al. [1] estimated that by 2025, the number of individuals with hypertension in developing countries will be approximately 1.17 billion, representing almost three-fourths of the world's hypertensive population. A cross-sectional study from 2002 estimated that nearly 18% of Chinese people age 15 years and older, corresponding to 177 million people, were hypertensive [4] .
As a result of policy reform many people's lifestyle in many parts of China has become more westernized. In cities, individuals consume a diet high in salt, calories, saturated fat and low in fruits and vegetables. Several studies have hypothesized that these changes may contribute to a higher prevalence of hypertension in urban populations when compared to rural populations [5] [6] [7] [8] .
''Prevention first,'' is the best and most important strategy for China. This strategy requires a sensible plan of action for prevention and improving current policies against hypertension. However, there are no current nationwide studies on the prevalence of hypertension in Chinese cities; the latest nationwide investigation is now ten years old [9] . Therefore, we performed this meta-analysis to systematically review the findings of all current studies and estimate the overall prevalence of hypertension in Chinese cities.
Materials and Methods

Literature Search Strategy
We searched all published articles for epidemiologic studies on the prevalence of hypertension between January 2002 and June 2012 in three electronic databases: CNKI, WANFANG and PUBMED. These results were supplemented by several useful references cited in the key articles. Articles were identified with search strategy ''hypertension'' AND (''prevalence'' OR ''epidemiologic studies'') in all databases. Two authors (YQ Ma and WH Mei) screened the titles and abstracts and reviewed the full-text of the eligible articles. Studies in the areas of Hong Kong, Macao and Taiwan were excluded due to cultural differences from mainland China.
Criteria for Inclusion and Exclusion
We included all epidemiologic studies which reported the prevalence of hypertension among Chinese residents over 15 years of age. Enrollment years of the studies used were between 2002 and 2011. Only studies that used random sampling or census data to find participants were used. All source studies were original research written in English or Chinese and contained the minimum information necessary to calculate pooled analysis of prevalence (number of the subjects and number of hypertension events). Studies were included if they explicitly defined hypertension as an average systolic BP (SBP)$140 mmHg, an average diastolic BP (BP)$90 mmHg, or self-reported current treatment for hypertension with an antihypertensive medication as defined by the Seventh Annual Report of the Joint National Committee (JNC 7) [10] .
We excluded studies if the participants were limited to a particular occupation, population, age group, community group or location. We excluded studies whose age-specific prevalence of hypertension was not reported. We also excluded studies that utilized nonrandom sampling or non-JNC 7 standards (e.g. selfreported hypertension without measuring blood pressure).
Data Extraction
A standardized data abstraction form was designed to capture and code all relevant study-level information required for analysis. Two investigators selected the studies, extracted the data independently, cross-checked them and resolved disagreements by consensus. For all included studies, we recorded the following information: author, year of publication, year of investigation, city, sampling method, data collection method, diagnostic criteria of hypertension, age of subjects, number of subjects, number of people with hypertension, and age-specific prevalence of hypertension.
Statistical Analysis
To estimate pooled age-standard prevalence of hypertension, all raw prevalence data was age adjusted to the 2010 China standard population [11] . According to the expected heterogeneity across studies, a random-effects model was used to calculate pooled agestandard prevalence and calculate 95% confidence intervals (CIs). Statistical heterogeneity was evaluated with the Cochran chisquare (x 2 ) and quantified with the I 2 statistic (low is ,25%, moderate 25-50%, high .50%) [12] . In order to deal with heterogeneity and perform secondary analysis, subgroup analysis was necessary. Subgroups were defined as differences in sex, year range of investigation (every two years), and geographical region differences (south and north). Publication bias was evaluated by testing for funnel plot asymmetry, Begg's Test and Egger's test. Significance was set at a P value of less than 0.05. All statistical calculations were made using the StataH Statistical Software Package, Version 11.0 (StataCorp LP, College Station, Texas, USA) and RevMan 5.1 Software (Cochrane Collaboration, London, UK).
Results
After an initial search identified 8,289 studies, application of inclusion and exclusion criteria, 27 studies were selected . These 27 studies contained of a total of 195,027 subjects determined to be suitable for meta-analysis ( Figure 1 ; Table 1 ). Most excluded studies focused on a specific population. Furthermore, many studies from the initial search duplicated existing results. Of the 27 identified studies, nine studies [13, 14, 17, 19, 22, 29, 30, 36, 38] did not report age-specific data according to sex, but had no effect on overall analysis. In summary, age was limited to 15 year olds and above in 20 studies [13, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] 31, 33, 37, 39] ; 15-69 in four [32, [34] [35] [36] ; and 15-74 in three [14, 30, 38] . Twenty-two studies [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [26] [27] [28] [29] [31] [32] [33] [34] [35] 37, 39] were from cities in southern China and five [13, 25, 30, 36, 38] were from cities in northern China. Seven studies [13, 14, 27, 34, 35, 37, 39] were from large cities, nine were from medium-sized cities [15, 16, 20, 25, 26, 28, 29, 36, 38] , and 13 [17-19, 21-24, 39-33] were from small cities. Nineteen studies enrolled participants between 2002 and 2006 [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] and eight studies enrolled participants between 2007 and 2011 [32] [33] [34] [35] [36] [37] [38] [39] . Table 1 and Figure 2 show detailed information from the 27 studies selected. The pooled age-standardized prevalence of hypertension was 21.5% (19.4%, 23.6%). Pooled age-standardized prevalence of all subgroups, according to geographical areas, sex, city size and study years are presented in 24 .8%) and 20.6% (17.3%, 23.9%) respectively. Results showed that the pooled age-standard prevalence in northern cities in China was higher than southern cities in China. The prevalence of hypertension in the male population was higher than in females. In addition, the prevalence in mediumsized cities was the highest of the three city size categories. Small city were second and large cities were the lowest. The prevalence was lower in studies conducted between 2007 and 2011 when compared with studies conducted in the first five years. Table 2 shows information regarding heterogeneity and publication bias. We noted significant heterogeneity within studies and subgroups (P,0.000, I 2 = (99.2-99.7)).
Discussion
In our systematic review and meta-analyses of hypertension prevalence, 27 epidemiological studies from 22 cities were selected. These studies covered nine provinces and municipalities in China. All data was collected between 2002 and 2011. At present, there is a lack of nationwide data regarding hypertension prevalence in Chinese cities. Domestic and international literature searches found only one recent review, which focused on prehypertension in China [40] . Additionally, the latest nationwide investigation of hypertension in China is now ten years old [9] . Therefore, our meta-analysis is relevant to current healthcare needs and is based on a large number of subjects, providing a reliable estimate.
This meta-analysis indicates that .1 in 5 (21.5% (19.4%, 23.6%)) Chinese city residents older than 15 years is hypertensive. Prevalence of hypertension has been on the rise in recent decades, national sampling studies from 1958-1959, 1979-1980, 1991 and 2002 [41-43] reported prevalences of 5.1%, 7.7%, 13.7% and 17.6% respectively. Although varying methodologies make comparisons complex, the values from our study exceeded these previous national surveys. Possible explanations for this increase in hypertension prevalence may include economic development, urbanization, aging, lifestyle changes, changing eating habits and deterioration of ecological environments. Furthermore, there has been an increase in overweight and obese individuals. Dyslipidemia, high salt diets, smoking, excessive drinking and sedentary lifestyles all increase risk for hypertension [44] [45] [46] [47] [48] [49] [50] [51] [52] . It was reported that the percentage of the Chinese population living in urban areas increased from 27% in 1990 to 40% in 2005 [53] . Given this trend, the urban proportion of the population will continue to increase. Effective treatment and prevention measures focusing on the high-risk urban populations will have a profound and favorable impact on public health.
The Factor of the Geographic Areas
An epidemiological study of 14 provinces reported that hypertension prevalence was higher in northern China than Southern China [54] ; our study confirmed this result. The pooled prevalence of hypertension in northern cities is higher than in southern cities, 25.8% and 20.4%, respectively.
The Factor of Sex
Previous studies have found rates of hypertension to be higher in men than in women at younger ages, while the reverse was true in older participants [55, 56] . Although our study cannot show any information about age groups, it showed that the prevalence of hypertension is higher in men than in women in general, 22.2% and 19.9% respectively. Frank H. Fu and Lena Fung found that female subjects generally have fewer CHD risk factors and thus better health than male subjects [57] . XJ Meng found that urban adults males in China had higher prehypertension, with a prevalence of 47.7% and 33.6% in men and women, respectively [58] .
The Factor of City Sizes
City-size-specific estimates indicate that medium-sized cities have the highest prevalence of hypertension (24.6%), followed by small cities (20.6%), and large cities having the lowest prevalence (18.9%). A cohort study found that hypertension was more prevalence in the more urbanized areas, and inequalities across areas at different stages of urbanization have narrowed [59] .
The Factor of Study Years
The pooled age-standardized prevalence of hypertension is slightly lower among studies performed in 2007-2011 than [2002] [2003] [2004] [2005] [2006] 20 .6% and 21.9% respectively. Due to the heterogeneity in Figure 1 . Flow diagram of the study selection process. As shown, our initial searches yielded 8,289 citations: 6,494 from CNKI, 831 from TONGFANG, and 964 from PubMed/MEDLINE. After screening titles and abstracts, 125 studies were considered potentially eligible and retrieved in full text. Of these, 97 studies were subsequently excluded because they did not satisfy the inclusion criteria. Thus, 27 fully eligible studies were identified. doi:10.1371/journal.pone.0058302.g001 Table 1 . Summarized information of the studies included in meta-analysis. these studies, a national epidemiology survey should be conducted to confirm if the prevalence of hypertension is truly declining.
Limitations
While we tried our best to adhere to the guidelines for reporting meta-analysis of observational studies [60] , there were several limitations that merit attention.
Heterogeneity
Meta-regression was not performed, because our study was only designed to report the pooled prevalence in general and in each subgroup. Within each subgroup the heterogeneity of prevalence was high, as such, we assumed that there were other factors likely influencing heterogeneity, including genetic factors, environment, smoking, physical activity and salt intake [61] [62] [63] [64] [65] [66] . Unfortunately, due to insufficient data in most studies of hypertension prevalence, it is not possible to deduce the effect of these variations on pooled prevalence.
Measurement Errors
Although strict inclusion and exclusion criteria were used to identify studies in the literature, both inter-and intra-study measurement errors in the ascertainment of BP, classification of subjects and other indices will have occurred. For example, the number of BP measurements can influence the classification of patients as hypertensive [67] . However, in our selected studies, eleven (40.7%) did not reported the time of day that BP measurements were taken or were taken less than three times.
Representativeness
Because there were great disparities in the distribution of healthcare resources between cities, rural areas, coastal regions and inland regions in China [68] , many low-income cities lacked resources to conduct a survey. Although we restrict sampling methods in inclusion criteria, the investigation bias may still affect the meta-analysis outcomes.
In sum, as our study did not identify all variations present in the pooled prevalence. Therefore, we should be careful in prescribing direct policy recommendations from this meta-analysis alone. However, our findings do reveal an important current healthcare issue which deserves the attention of policy makers. 
